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(54) Organic electro luminescent device with improved long-term stability 

(57) An organic electroluminescent device with improved long-term siabH'rty is disclosed, comprj&ing either a dual 
layer of a layer I and a layer II or a mbdure of the two layers between an EL multilayer and a caihodo, the layer P being 
made of al least one alkali metal alkaline earth metal, or its compound the layer Jl being formed of al least one material 
selected from those having chemical formula I as shown below. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a display, and more particularly, loan organic electroluminescent (EL) device. 
Discussion of the Related Art 

w 

I0002J Organic EL devices, also called organic light entitling diodes (LEDs). are becoming very popular because of 
[heir possible application to rial panel displays (FPDs). They are extremely Ihin. mairbt-addrassable and operable at 
a relatively low voltage, typically less than 15 volts. Furthermore, Ihey have additional features suitable for next gen- 
eration FPDs such as. among olherthings, little dependence on viewing angle and good devfce-forrnability on flexible 
substrains. Organic LEDs differ f undamentafly Irom conventional inorganic LEDs. While the charge transfer in Inor- 
ganics is band-like in nature and the efeclron-nole recombination results in the tnterband emission o4 light, organic 
films aro generally characterized by the low-mobility activated hopping transport and the emission is exeftonic. Organic 
EL devices are also substantially ditierent from conventional inorganic EL devices, especially In that organic £l devices 
are operable at low DC voltages. 
20 [0003J Referring to Fig. 1 , a typical organic E L device is provided with an anode Z formed on a transparent subsirale 
1 . a hole injecting layer (HIL) 3 and a hole transporting layer (HTL) 4 formed on the anode 2. a luminescent layer 5 
lormed on the MTL 4, an electron transporting layer (ETL) 6 and an electron injecling layer <£IL) 7 lormed on tho 
luminescent layer 5, and a cathode 6 formed on the EIL 7. Any one or more of HIU HTL, EIL and ETL may be omitted, 
depending on the device structure adopted. 

[0004] Elcc Irons and holes injected fro the luminescent layer through the cathode 8 and the enoda 2, respectively, 
recombne to decay radratively. For most organic EL devices, the charge injection barrier is higher for electrons then 
lor holes. It fs well known that the electron injection barrier may be Towered by employing a )ow work function malarial 
lor a cathode. But low workfunction materials are chemically reactive, which makes rt drif/cuit to use them for electrodes. 
Accordingly, the materials are often used as a eelhode after being alloyed with one of more stable materials, as seen - 

30 in the examples ol Mg:Ag and AtLi. However, the alloyed cathodes are slill less stable, more costly to form, and more 
difficult to deposit in a uniform film, compared to aluminum. Even more serious problem often encountered with an 
aCoyed cathode of MgcAg or At: Li is frequent occurrence of cross talk or leakage current between pixels, which may 
be atlribuled to the diffusion of Mg or Li ion across organic layers. The problem can be much alleviated if one selects 
aluminum as a cathode material, but then one needs to find a way to improve its poor electron injecting capability. The 

35 electron injecting capability of a high work function cathode such as aluminum can be signfficantly enhanced by inserting 
a very thin layer (typically 0.3 nm - 1-0 nm) of an electrically insulating material such as LiF, MgF 2 or LfeO either 
between ah alurnmum electrode and the luminescent layer or between the aluminum electrode and ETL [IEEE Trans- 
actions on Electronic Devices, Vol. 44, No. 8, p 1245-1248(1 997)]. U£> is a particularty interesting material m that it 
is an electrically insulating material with a very tow work function. The work function of alkali metals themselves is very 

40 low, and It becomes even lower when oxidi2ed: for example, work function decreases from 2. 1 e V tor Cs to about 1 ©V . 
for CsgO various alkali metal compounds have been reportedly used to form an Insulating buffer layer for the purpose 
of lowenng the electron injecting barrier to name a few, up, LiBCfe NaCI. KCI. K^SiOg, FtoCI, and C^s O. Despite 
said improvement, the introduction of the insulating buffer layer poses a challenging new problem: deterioration of 
adhesion between an £L multilayer and aluminum, and consequent reduction of fife time. Experimental results reveal 

-rs evidences ot poor adhesion either al the butter layer/aluminum interface or at the EL multilayer/buffer layer Interface, 
which is not too surprising when different characteristics of materials involved are taken into accounL In short, the> 
related art suffers from poor adhesion and short IK e lime. 

SUMMARY OF THE INVENTION 

so 

[0005] Accordingly, the present invention is directed to an organic electroluminescent device that substantially ob- 
viales one or more of the problems due 10 limitations and disadvantages of the related art. 

[0006] An object of the present invention is to provide an organic EL devioe with a long life time a* well as a high 
efficiency. 

55 [0007] Additional features and advantages of the invention will be set forth in the description which follows, and in 
part will be apparent from the description, or may be learned by practice of the invention. The objectives and other 
advantages of the Invention will be realized and attained by the structure particularly pointed out in the writien descrip- 
tion, end claims hereof as well as the appended drawings. 
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[0008] To achieve these and other advantages 3nd in accordance with the purpose of the present invention, as 
embodied and broadly described, the organic electroluminescent device includes a layer I formed ot ai leasl one alkali 
metal alkaline earth melal or its compound between an EL multilayer and a cathode formed of a metal or an aflo* and 
a layer II lormed between the fcayer I and the EL muHilayer. Here the EL multilayer means a plurality of layers comprising 
s a luminescent layer and typically all or a part o* HIL. HTL, ETL. and Ell_ 

[0009] In a prslorred form of the invention, at least one porphyrinic compound forms the layer II which serves prin- 
cipally to improve the adhesion between the layer i and the EL multilayer while keeping a good electron transporting 
capability. Preferred porphyrinic compounds are those ol structural formula I as shown below: 



CHEMICAL FORMULA I 



75 



25 




so wherein 

A each independently denotes -N=* or -C(R>=; 

R is hydrogen, alkyl, aJkoxyl. aralkyl. alkaryl, aryl. or heterocyclic group; 

M is an element selected from IA, II A, I1IA and IVA groups, and the third, fourth. Fifth and sbdh period groups in the 
3s periodic table; 

Y is a material chosen from alkoxyi phenoxyt. alkytarnme. arytemine, aJky^hospine, ary(phospine> alkylsufehu* 
and arylsulphur groups, and an element selected from VIA and VII A groups in Ihe periodic table; 
n is an integer of 0.1 . OT 2; and, 

B(Bj - Bb) each independently represents hydrogen, aJJcyJ, aryl alkoxyl aryloxyalkyL hydroxyl, hydruxyalkyl, ar- 
40 alkyl, alkyfemino. arytemino, aJkyJthiol, aryfchfel. nttroalkyt, artytearbom/f. alkoxycaibonyl, phenyl, amine, cyanyL 

naphlhyl. alkaryl, halogen, or heterocyclic group, or together completes an unsaturated or saturated Rye. efr. or 
seven^membered ring, which can include substituents such as alkyl, aryl. alkoxyl, arytaxyalkyl, hydroxy!, hydroxy- 
alkyl, aralkyl aJkylamino, arytemino. nrtroalkyt, alkyfca/bonyl, afccfxycarbonyi, phenyl, amine, cyanyl, naphthyl 
alkaryl, halogen, or heterocyclic group. Preferred five, six, or seven-membered rings are those formed of carbon, 
suitor, oxygen and nitrogen ring atoms. 

1001 D] Hlghry preferred examples of useful porphyrinic compounds are phthalocyanines. Exemplary preferred ma- 
lerfefcs are those of structural formulas II and 111 as shown below; 
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CHEMICAL FORMULA H 



CHR MTr A f FORMULA p j 



to 



IS 



20 





wherein 



30 



35 



A each independently denoted -N= or *C(R>=; 

R ia hydrogen, e\kyU alkoxyl, aralkyl, aJkaryl, ary!> or heterocyclic group; 

M is art element selected from IA, HA, MIA and IVA groups, and iho third, fourth, flllh and sixth period oroupe in the 
periodic labia; 

Y is a material chosen from alkoxyl, phenoxyl, alkylamine, an/lamine, afeyfphosplne. Ar^ospine. alkyteufohui; 
and aryisulphur groups, and an element selected from groups, and VIA and VII A groups fci the periodic labia 
n is an integer erf 0. 1 , or 2; and, 

X(X T ~ each hdcpendenlly represents hydrogen, alkyl aryl, alkoxyl, aryJoxyaJkyl, hydroxyl, hydroxyaikyf ar- 
alkyl aikyiamirro. arylamlno. arkyrihtol, arylthk* nitroaJkyl, atkyfcarbonyl, aJkoxycarborryl. phenyl, amhe cyanyi 
naphlhyl, alkaryK halogen, or- heterocyclic group, or together completes an unsaturated or saturated live six, or 
seven-membered ring, which can include substilucnts such as aJkyl, aryl r alkoxyl. aiyloxyaJkyt hydroxyl, hydroxy- 
alkyl, arafoyl. alkylamino. aryfamino. nitroaJkyl alkyfearbonyl alkaxycarbonyl, phenyl, amine, cyan* naphthyl. 
alkaryl, halogen, or heterocyclic group. Preferred five, six, or seven, memberod rings are those formed of carbon 
sulfur, oxygen and nilrogen ring atoms. 



AO 



[0011 J The most preferred examples of pblhalocyanfnes are those of structural formulas fV and V as shown below; 



4$ 



so 



55 
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CHEMlCAI-FOB MTff Alv CHEMICAL FOR mitt a v 



10 



IS 




wherein 

M is an element chosen from Co, AlCI. Cu. 2Li. Fe, Pb. Mg. SiClj. 2Na. Sn, Zn, Ni. Mn, VO, 2Ag, MnCI. and SnCU 
[0012] In the other aspect ol this invention, there is provided a means to improV* the jffe time as well as the electron 
injecting capability by Insereng, instead or a duaJ layer or the layer r and trie layer II, a mixture of the iwo layers between 
the EL multilayer and the cathode. The mixed layer it? formed by the co-deposition ol (1) at least one alkali malar, 
alkaline earth metal, or ii* compound and (2) at least one porphyrinic compound. Tho mixing ratio between me two 
groups of materials can be fixed or varied as a lunclfon of position. 

[001 3] It is to be understood that boih the foregoing general description and (ho following detailed description are 
exemplary and ejcptanatory, and are intended to provide f uriher explanation of the invention as cfctfmod. 

BRIEF DESCRIPTION OF THE DRAWINGS 

£0014] The accompanying drawings, which are included to provide further iraJerslandlng of the rrrvenlton, and are 
mcofpojated in, and coneiiiute a part of this specification, illustrate embodiments of the invention, and together with 
the description serve to explain Ihe principles ol the invention: 
[001 5] In the drawings: 



Flg> 1 illustrates a eross-scclional view of a background art organic EL device; and, 

Fig. 2 illustrates a cross^ecltonaJ view Of an organic EL device in accordance wilh a preferred embodiment or the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 6] Reference wUI now be made in detail to Ihe preferred embodiments of the present invention, an example of 
which is illustrated in the accornpanying drawing. Fig. 2 schematfcany illustrates a scciionaJ side view of an organic 
E L device ii accordance with a preferred embodiment Of the present faverrtion. 

I 001 *1 Rcfsfrin 9 10 R 9- 2. th * organic EL device in accordance with a preferred embodiment of the present invention 
rncrudee a laminated slructure ol a transparent substrate 21. an anode 22. an EL multilayer {typically of HIL, HTL» a 
luminescent layer, and ETL) 23, a cathode 24, and a protection film 25. Also inserted between the EL multilayer and 
Ihe cathode are a layer ! (27) and a layer N (26) which primarily serve for improving electron Injection and adhesion, 
respectively. In a preferred form of the invention, at least one rxxpriyrrmc compound forms the layer II which serves 
principally to improve the adhesion between the layer J and the EL murflayer whib keeping a good electron transporting 
capability. Preferred porphyrinic compounds are those of structural formula I as shown below: 
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CHEMICAL FORMULA I 



1S 



so 




CY)n 



wherein 



30 



35 



A each Independently denotes -N= or -C(R>=; 

R ia hydrogen. alkyl t olkoxyl, aralkyf, alkaryl, a/yl, or heterocyclic group; 

M is an element seeded from IA, II A, III* and IVA groups, and ihe ihird, fourth, fifth and sixth period groups in the 
periodic table; 

Y is a maierlal chosen from alkoxyl, phenoxyl. alkylamirie, arylarrone. atkylphospine, aryjphosplne, alkytsufehut 
and aryteurphur groups, and an cJement selected from VIA and VllA groups in the periodic table; 
n is an Jnleger of 0. 1 , or 2: andL 

B(B| ~ Bg) each independently represents hydrogen, alkyl, aryL alkoxyL aryloxyalkyl, hydroxyl, hydroxyalkyl. ar- 
aJkyl, alkybmho. arylamino, alkytthtol, arytthiol. nrlroalkyt. alkylcarbonyl, alkoxycarbonyl. phenyl, amine, cyanyf. 
naphthyf. alkaryl, halogen, or heterocyclic group, or logelher compleies an unsaturated or saturated five, six. or 
seven-membered ring, which can include substituents such as aJkyf, aryt, alkoxyl, aryfoxyalkyl, hydroxy I, hydroxy- 
alkyl. aralkyl, aJkylamino, aryJamino, nftroajkyj, aJkyksartxinyl, afcoxycarbonyl, phenyl, amine, cyanyl. naphthyl, 
alkaryl, hatogen, or heterocyclic group. Preferred five, six, or seven-membeced rEngs are those formed of carbon, 
sulfur, oxygen and nftrogen ring atoms. 

[0018] Highly preferred examples of useful porphyrinic cornpowds are phthafccyanhesL Exemplary preferred 
phthalocyanines aro those of structural formulas 1\ and III as shown below: 



45 



ss 
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CHEMICAL YQRMVIA n CHEMICAL FORMULA ITT 




wherein 

25 a each independently denotes -r** or -C(R>±; 

ft is hydrogen, afkyl. alkoxyl, aralkyl, alkaryl, aryf. or heterocyclic group; 

M fe an element selecled from IA, II A, lHA and IVA groups, and the third, fourth, fifth and sixth period groups in lhe 
periodic table; 

V is a materiel chosen from aJKoxyf* phenoxyl. alkytemine. arylamine, alkylphospine, Arylphospine, ajkyteulphur, 
•30 and ary (sulphur groups, and an element selected from groups, and VIA and VllA groups in the periodic table; 

n is an integer of 0. 1 , or 2; and. 

X(Xt - Xq) each Independently represents hydrogen, alkyl, aryL alkoxyl, aryloxyalkyl, hydroxyl. hydroxyalkyl, ar- 
alkyl, aJkyiamtno, a/yJamino. alkylihiol, arylihiof, nftroalkyi alkylearbonyl. alkoxycarbonyt phenyl, amine, cyanyL 
naphthyl. alkaryl, halogen, or heterocyclic group, or. together completes an unsaturated or saturated five. six. or 
& soven-membered ring, which can include substituertfsjsuch as alkyl. ary). alkoxyl. arytoxy alkyl, hydroxy!, hydroxy- 

alkyl, aralkyt alkylamino, arylamino, rutroaJkyl alkyfcarbonyl, arkoxycarbonyl, phenyl, ambe, cyanyl. naphlhyl, 
alkaryl. halogen, or heterocyclic group. Preferred five, six, or seven-merrtbered rings are those formed of carbon, 
sulfur, oxygen and nitrogen ring atoms. 

40 [0019] Preferentially, said M of chemical formulas I - HI may be chosen Irom 2U 2Na» Mg. T v V F Cr. Mn. Fe, Coi NL 
PI. Co, 2Agt Zn, At, Ga. In. Si, Sn, Pb, and 2H, and said Y of chemical formulas I - III may be - selected from oxygen, 
fluorine, chlorine, bromine, alkoxyt group (alkyl moieties contain from about 1 to 1 0 carbon atoms), and phenoxyl group. 
[0020] The most preferred examples of phlhaJocyanhes are those of structural formulas IV and V as shown below! 



so 



55 
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rHFMlCAt. FORMULA TV 



CHEMICAL FOR Miff A V 



75 



SO 



2S 



30 



40 



BO 





wherein 

m *J?*V0 > GlGmGnl ChOSCn W ° m C * A,Cl C "' 2U Fe ' ^ Mft SrC ^ 2Na ' Sn ' Za NI - Mn ' ^ 2A & MhCI. and SnCU 
[0021] The layer 1 (27) is designed \o improve the electron injection capabflity and is formed of at feast ono alkali 
metal, alkaline, earth metal, or its compound. Exemplary preferred materials are Li, Cs, L^O, and LiF. The cathode 24 
rs rormed of a metal or its alloy, and aluminum Is most preferred. 

[0022] The organ* £l device of the present invention having Ihs feyer I (27) and tha layer (26) Thus slacked between 
the EL multilayer 23 and ihe cathode 24 shows a substantially prolonged We time as well as a high luminance The 
layer (27) and the teyer II (26) may be stacked in ihe opposite sequence, which however results in Ihe decrease of 
luminance and He lima The layer I (27) and ihe layer Ji [26] may have a thickness of approx 0.2 nm - 3 nm and 0.5 
nm - 50 nrn, respectively. 

[0023] Exemplary devices have been fabricated in accordance wilh the present invention, and their performance 
has been compared with those of the background art two devices of A and B are of the background art. and the other 
two ounces et c and D are of the present invenlbn. The basic devjee structure Tor green emission constitutes of (1) 
an anode of indium tin oxide (ITO) 150 nm thick, (2) a buffer layer of copper phthelocyanine'(CuPc).typrcaJIy 10nm - 
20nm lhicK (3)a hole transporting layer of N^irjhenyW.N^fe^m^^ ryPD) 
typically 30nm ~ 50nm ihick, and (4) an emitting layer of tris(a^ydroxy-quinolate)aluminum (Alcfe) 40nm - 60nm thick. 
The device A has a cathode of aluminum formed directly on the EL multilayer (device structure: ITCyCu Pc/TPO/AJoV 
Al) whne ihe device B has a layer of Lig0 1 nm thick between the EL multilayer and ihe cathode (ntVCuPc/TPI}7^ 
LrgO (InmyAJ). The device C has a structure of ITQ^uPcATPD/AloyCuPc(2nm)^i^(inmyAI white the device D has 
a structure of l^uPc^r^AIqyLi e O(1nmyCuPc(2nm)/AL m short, tha layer-forming sequence of LLOMnm) and 
CuPc(2nm) is reversed for the devices C and D. FinaDy, ail devices have been encapsulated m an inert atmosphere. 
[0024] TABLE I below Jfets the voltage measured between an anode and a ealhode, luminance, and Pfe time with 
the samples subjected to a constant current density ol 3 mAfcm 2 . 

TABLE I 





voftage (V) 


1 luminance (coVm 2 ) 


We time 


Device A 


S- 


' 56 - 


short (less than i hour) 


Device B 


6 


100 


short (fess than 1 hour) 


Device 0 


6 


150 


long (longer than 2000 hours) 


Device D 


8 ! 


130 


intermediate (roughly 100 hours) 



[002S] The life time quoted in Ihe above table represents The lime by which luminance drops to half the Initial value 
for each device, h is apparent in TABLE 1 that the devices C and D of the present invention are superior h the tang- 
le rm stability to the devices A and B of the background art, which can be explained as follows. LfeO shows poor adhesbn 
with both Akfc and aluminum. In addition, a 1 run-thick layer of LigO docs not form a complete and uniform layer/but 
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10 



is 



2S 



30 



40 



AS 



S3 



2er^cei„°!Li s, rSfr dur ti part t ,ho cupc teycr is apparEn,,y m ^ ***** *»" *• 

open spaca .n the LfeO layer, wh.ch s.gnrffcanlly centrales to Enhancing the adhesion ol Ihe organic/metal interface 
and consequently the life time of devices. The copper ion in CuPc is probablv re-aonsibte iJT^^T*. 

Z«l t - eleCt T' nJeC " 00 b3rrfSf due 10 me presence * CuPc ^een Lup J LiSS? 
quenlly a shorter life Jmie due lo the increased eleclrtcal and thermal stress 

[OQSjq In the other aspect of this invention, there is provided a means to improve Lhe life time as well as the electron 
njechng capability by .needing, instead of a dual layer of the layer I (27) and the layer II (26) in £Tb rtllSSE 
Iwo layers between the EL multilayer and .he oath**. The mixed layer is formed by th SSSfta S oTiteSS 
One «lkaM metal. alkaline earth mete., or its compound, end (2, a, least one porpnU*X-nd The ^ 
rnSSZ^'^ 111 ^eteriorales electron Injection eDghiy. The mixing ratio bLeen the tiTgSo» 
of material* can be fixed or vaned as a function ol position, and the best performance has been obtained wfth 
relat.ve concentrate the material( s ) selected Irom a group of alkali metals, alkaline earth metat andll im 
pounds beng zero at the interface wth the EL multibyer, and unity at the interface JTth. «hodTlS^^ 
gradually in between, and (2) the relative concentrate ol porphyrinic compoWsi bebg unLtt ^w a ^ 

[0027] ThB organic EL devices ol ihe present invention have the following advantages 

• ESS. '"^r,' a , dUal '^^a^'a^ a layer Hor a mixture of the two layers between the EL multilayer 

SmL ^ e '"IT* S,9nmcanUy ,he 'WWMbmy as well as the luminance, with Lhe feyeTll bX 

Tw ^ !? TT" U ° m havi "9 chemica » to ' mula a " d «Hh ihe layer , bchg made o * 

least one alkali metal, alkaline earth metal, or its compound 

SL J/ M n ', be f Ppa ^ nt J° ^ ^'"^ 50 Srt ,hat ^^'^ and variations can be made in the 

^.celeebolumineeccnl devices of ihe present invention ^out departing from the epirtt or scoj olth^emlo^ 
Pr0Sen ' «™»- -odificatkxte and variations ofthis *S£p^?Ej 
come within the scope ol the appended claims and their equivalents. P'wraeo iney 

Claims 

second electrode, said device comprising a layer formed of al least one porphyrinic compound. 

* J^SSSi^ m *•» - H po ^ fc ~"»— - - 

CHEMICAL roKMTTT.A X 




A each bdependsmry denotes -N= or -C(R)=; 
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R fe hydrogen, afkyl, eikoxyl, aralkyl. alKaryl. aryl or a heiorocyelic group- 

in ^SSSS^ ^ * *" ' VA ^ «* ' ha '^'^ '" th - >™ P— 9roup S 

Y is a material selected from alJccocyl, phenoxyl, alkylamine. arylamine. alkybhosphine 
SSSHS a ' kylStJ ' PhUra,,d «W or an clement selected from VIA and VUA groups h Ihe 

n is 0. 1 or 2: and 

B^-Ba) each fidcpandentry repres&n Is hydrogen, alky/, aryl, a/koxyl, arytoxvalkvl hvdrowi hunm^tM 

^n?^ y ^ ^'^^^eterocydlcgroup. or two or more or whfch together complcta 
£S^?f 7' Z or , 8eve "- m ^ed ring, which preferably includes <Ze or mora SueT^ 
SSSS^l "* ^ a,y,oxya,ky '- h ^ ox y'- hydroxyalkyl. arafcy., atkylamino. 
aJkytarbonyl, alkoxycarbonyl. phenyl, amine, cyanyt. naphihyl. alkaryl. halogen and a heterocyefc gro^p 

' 3 * f^Tf',^^ anELmultitover 
a layer II, a layer 1. and a second electrode, wherein layer I is formed of at least one altaa ^iaTaikZSh 



£0 



CHEMTCAL FORMITT.ft j 



SB 



3$ 



40 



45 



wherein: 

A each independent denotes -N= or -C(R)=; 

R te hydrogen, altyl. alfeoxy), aralkyl, alkaryl aryl or a heterocyclic group; 

M is an e^^acied from JA, HA. MIA and IVA groups, and tha third, fourth, fifth and sixth period groups 
ZZ^Sl 2? Y £ 3 ^ riaI ******* tf0m * )k0Xyl > BJRytamha. arylamine. aJ^S 

SSS^SS a ^ U ^ UrandaryteUlphUr »W ■to™* setectedfrom VIA and ^ 52 
n is 0.1 or Z. and, 

Si^S^tT, 8 h ^ 9ea ■* ■"V"**^ hyoroxyt hydroxyaiKyf, 

aralkyl alkytan, no. alKylth.* aryMi.ot, nitroalkyt. alkyleibonyl. altafcycabonyl, phenyl, arobe, cyanyl naoh- 

^ 5? ' W 8 he,eTOcyc,ic 9rou P- ° r «™> °r "™ * which togXr complete an SatX 

^^I'^^tZ^^y^ ^^VSncliKtesona or more sub^ituentsselecledfrom 
aS^^i^T^ h y dra ^ alk y- ara,k * ^Xybmno. arylamino. nllroaW. aKylcarbonyl, 

alhoxycaroonyf, phenyl, amine, eyanyl. naphthyl. alteryl. halogen and a heterocyclic group. 

4 * £?™0.5nt£^^ 



R. A device as claimed in claim 3 or claim 4, wherein layer I fe formed of LfeO. 
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a A device as claimed in any one of claims 3 Id 5, wherein layor II is formed of at least one material selected from 
those having chemical formulae ff and Ml as shown below: 



10 



75 



CHEMICAL PORMVkft XX 



CHEMICA L FORMUTA TTT 





30 



wherein: 

A each independent denotes -N= or-C(R)^; 

R fe hydrogen. aJkyt, aikoxyl. a/alkyi, alkaryl, aryl or a heterocyclic group; 

M is an element selected from \A. HA, HA and I VA groups, and Lhe third Jourth. frtih end srxth period groups 
in Ihe periodic table; 

y Is a maierial selecied from aikoxyl, phenoxyl. atkytemfne. arylamine, alkyfehosprme, arylphosphlne, alkyl- 
sulphur and aryteulpnur groups, or an element selected from groups VIA and VII A groups in the periodic table: 
nlsO.i.or^and, r 

X(VXa) each independently represents hydrogen, alkyl. aryl. aikoxyl, aryloxyalkyL hydroxy!, hydroxyalkyl, 
aralkyl, aJkytemmo. arylamino, aUcyiihfoi, arylthlol. nftroalkyL alkylcarbonyl, alkoxycarbonyl. phenyl, amine, cy- 
anyl, naphlhyl, alkaryl. halogen or a heterocyclic group, or two or more of whfch together complete an unsatu- 
rated or saturated five, six or sGven-membered ring, which preferably includes one or more substituents se- 
lected from alkyl, aryl, aikoxyl. arykaxyalkyl. hydroxy!, rrydroxyalkyl, aralkyl, alkylamino, aryrfamino. nitroaikyl, 
aJkylcarbonyl, alkoxycarbonyl, phenyl, amine, cyanyi, naphthy], alkaryt halogen and a heterocyclfc group. 

7. A device as claimed in any one or claims 3 to a wherein layer II is formed of at least one material selected from 
those having chemicaJ formulae IV and V as shown below: 



45 
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CHEMTCAl^ FORMTTT jH TXT 



10 



75 



30 




CHEHTCAT, FQpKtTT A v 





wnerein M is ee.ec.ed Co. AO. C u. 2 u. Fa, P b; Mg, SiCfe . 2Na . S „, a, Ni , Mn, vo. ** 9 , MnCi an£ , ^ 

selec,ed fram « "cond sroup of the ma i e ria(s having formal. ^ * maIeria » 

CHEWICAT. FORMTTT.p T 



3S 



40 



N-/^>^ 



wherein: 

A each independently denotes -Na or. C(n)=- 

R b hydiogen^rfcy,, aJkaxy), arelkyj. altar*, afy ) ora heterocyclic group- 

2 -S^SSS?" * '" A ^ ™ and. J!*^ «, «, sj *h pert* 9rwP a 
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rated or saturated five, six or sevcn-membercd ring,.which preferably tnc/udes one or mom subsiiiuenls so- 
leered from alkyl. aryl, alkoxyl, aryioxyalkyL hydroxyl. hydroxyafkyf, aralkyl, alkylamino, aryfarnino nilroalkyl 
alkylcarbcnyl, alkoxycarbonyl, phenyl, amine, cyanyl, naphthyl. alkaryl, halogen and a heterocyclic group. ' 

9. A device as claimed in any one of claims 2 to 5 and 8, wherein two or more of B^-Ey together complete an 
unsaturated or saturated five, six or seven-membered ring formed ol ono or more of carbon sulfur oxygen and/ 
or nitrogen atoms. . 3 

10. A device as- claimed in any one of claims 2 to 5 f 8 and 9, wherein said M or chemical formula I is selected from 
2Li. 2Na, Mg, Ca r TT, V. Cr, Mn, Fe. Co, Ni, Pt. Cu, 2Ag, Zn. Pd, Al. Ga, In. Si. Sn, Pb and 2H. 

11. A device as claimed in any one of claims 2 lo 5 and 8 lo 10, wherein sard Y of chemical formula I is selected from 
oxygen, fluorine, chlorine, bromine, an alkoxyl group (alkyl moieties conlain from about 1 lo 10 carbon atoms) and 
a phenoxyl group. 1 

12. A device as claimed in any one of claims 8 to n , wherein the mixing ratio between said Jirst and second groups 
of materials is either fixed or varied as a function of position. 

1 3. A device as dalmed in any one of claims 8 to 1 2, wherein the mixed layer has a thickness of from 0.5 nm to 1 0 nm. 

14. A device as claimed in any one of claims 3 to 1 3, wherein the second electrode is formed of aJuminium. 

15. A device- as claimed in any one of claims 8 to 14. wherein the maleriaJ of the first group is LfeO. 

1 &. A device as claimed in any one of claims 8 to 15. wherein lha material of the second group rs formed of at feast 
one material selected from those having chemical fonmufeo II and III as shown below: 



CHEMICAL FORMUHA II 



35 



40 





wheremr 

A each independently denotes -N=? or •C(R)=; 

R is hydrogen, alkyl, alkoxyl. aralcyl, alkaryl, a ryl or a heterocyclic group; 

M is an element selected from I A 1IA, IIA and IVA groups, and the ihW. fourth, fifth and sixth period groups 
in the periodic table- 
Visa material selected from alkoxyl, phenoxyi, alkylamine. arylamine, alky^rxKprwig, aryferwsphihe, alkyfc 
sulphur and aryteulphur groups, or an element selected from groups VIA and VILA In the periodic lablec 
nisOLl.orSjarxi. 
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XfX^Xg) each independent represents hydrogen, alkyl. aryl, alkoxyl, aryfoxyatky) hydroxy) hydroxyaikvf 
nralkyl. aikyterolno. aryiamino, alkyfthiol. ary/lhiol, nrtroalkyi. aJJcylcartionyl. a)koxycarbcnyl k phenyl amine cy- 
anyt, naphthyl, alkaryl. hafogen or a heterocyclic group, or two or more or which together complete an unsatu- 
rated or saturated five, six, or sevens embered rings, which preferably includes one or more subslftuenls 
sereciedfrom alky], aryj. alkoxyl, aryloxyalkyi, hydroxyl, hydroxyalkyl, aralhyl, 3lkylamrno l aryJamino nrtroalkyi 
alkylcarbonyl, a/koxycarbonyl. phenyl, amine, cyanyl. naphthyl. atkaryl, halogen and a heterocyclic group. ' 

17. A device a* claimed in claim 6 or claim 16, wherein said M or chemical formulae II and III is selected from 2LL 
2Na, Mg. Ca, Ti V. Cr. Mn, Fe. Co, Nj, Pu Cu, 2Ag, Zn. Pd. Al, Ga, In, Si. Sn, Pb and 2H. 

18. A device as claimed in any one of claims 6, 16 and 17, wherein said V of chemical formulae II and Ml is selected 
from oxygen, fluorine, chlorine, bromine, an alkoxyl group (alkyl moieties contain from about 1 to 10 carbon alomsl 
and a phencocyl group. ' 

19. A device as claimed in any one of claims 6 and 16 to 18, wherein two or more of xpc,^) together complete an 
unsaiurated or saturated ^ sbc? Qf seven-mem bered ring termed ol one or more of carbon, sun ur. oxygen and/ 
or nitrogen atoms* ' /y 

20. A device as claimed in any one or claims 16 to IS, wherein the material ol the second group is formed of at least 
one. material selected from ihose having chemical formulae IV and V as sfiown below: 



CHEMTCAI/FOTWITTA T.V 



30 



35 



CHSMIGAI, FQPMTTT.fr v 





wherein: 



M is selected from Co. AICI, Cu, 2Li, F* r Po, Mg, SiCI* 2Na, SrX Zh. Ni. Mi. VO, 2Ag, MnCI and SnCfe. 



£0 



SS 
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FIG.2 
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